INTRODUCTION 35 36
At present, there is no convenient assay that enables the evaluation of the antioxidant capacity 37 (AC) in a food system, mainly because the factors affecting the oxidation reactions and 38 antioxidant capacities differ 1, 2 greatly. The current methods to test the AC have still left many 39 open questions [3] [4] [5] [6] [7] . The in vitro assays can only rank AC for its particular reaction system and its 40 relevance to in vivo health protective activities remains uncertain. Free radicals may be either 41 oxygen derived (reactive oxygen species, ROS) or nitrogen derived (reactive nitrogen species, 42 RNS). In a normal cell, there is an appropriate balance, but this can be shifted in stress situations 43 or when levels of antioxidants (A) are diminished. Therefore, an important factor that may 44 counteract their effect is the alimentary intake of antioxidants. Hence, since two decades, the 45 interest for evaluating the antioxidant capacities present in all types of food and characterizing 46 their specific mechanisms has increased noticeably. 47
48
The possibility to accumulate data rapidly has encouraged authors to use simple calculation 49 formalisms to abbreviate the testing procedure, forcing the conditions of the assay to assume a 50 linear kinetic response, in which samples are generally assessed using a single-time and single-51 dose. Very often the same method is performed with different experimental protocols and 52 formalisms for quantifying the activity. This has caused a loss of information and the risk of 53 erroneous conclusions 1 causing deficiencies in the control of the real AC of samples. The 54 analysis of all the particular problems associated with the diverse quantification criteria used for 55 each method is unfeasible. However, since most of the methods share the main objectives and 56 operative requirements, the β-carotene (βC) bleaching assay 8 has been chosen as a case study. 57
This assay is a well-accepted model for testing the AC of samples, but the quantification 58 approaches −considering or not the variation as function of the time and the dose− applied to 59 analyze the response is diverse. This method, as many others, very often has a poor evaluation of 60 the results 1 , despite the regularity of the oxidation and inhibition process. Results are usually 61 expressed at a fixed single-time, which causes many difficulties to obtain a robust method. 62
Although there are mathematical tools available to evaluate the lipid oxidation 2,9-11 , they are 63 rarely applied to quantify the responses. The βC method is a highly reproducible procedure, 64 currently performed in microplate readers 12 , providing an appropriate tool that ensures that 65 samples, the reference antioxidant (usually commercial ones used to build the calibration curve) 66 and the controls of the reaction can be simultaneously assessed as function of the dose and the 67 time producing abundant data with lower experimental error. It is, therefore, a robust and 68 meaningful example that can be used as a case study for raising the discussion of the problems 69 associated with the different quantification criteria applied when studying the responses 70 generated for each method. By characterizing several common A, the problems of using single-71 time-dose quantification procedures, disregarding kinetic considerations, are discussed in detail. 72
Furthermore, those criteria that take into account the kinetic of the process (dose-time-dependent 73 behavior) are also evaluated and compared. 74
75
In consequence, the results prove that: 1) the reduction to study the dose-response at one single-76 time and dose, expecting to find linear forms (as described by the non-kinetic approaches) leads 77 frequently to unreliable results; and 2) the preference for apparently simple assays, routinely 78 
where R is the oxidized substrate at each given time t, the response is standardized into a frame 211 
where R is the oxidized substrate (with R 0 and K as initial values and asymptotic, respectively) 225 and r m the specific rate. The equation can be reconfigured to explicitly highlight other valuable 226 parameters, such as the oxidizable substrate half-life (τ), maximum speed (v m ) and the lag-phase 227 (λ), see Table 1 by testing it only at one single-time-dose, assuming too many false aspects as true. In Figure 1 , 306 we present a graphical representation of the problematic aspects when using single-time-dose of 307 a sample. On the left side of the Figure 1 Although testing samples and reference A in a dose-response way seems to be a more consistent 335 approach, the calculated values (slope and IC 50 ) remain highly dependent on the time and on the 336 similarities between the behaviors of the dose-response of the compounds. 337
On one hand, to illustrate the dependence on the time, Figure 2A shows the kinetic dose-339 response of BHA in the format of criterion Q1. In this figure we select "randomly" two possible 340 fixed time points (25 and 100 min). Figure 2B shows the non-linear dose-response of BHA at 341 those fixed points showing graphically the variance of the IC 50 obtained. Figure 2C shows the 342 behavior of the computed value IC 50 at all kinetic times measured. Therefore, the fixed points 343 initially chosen have a relevant impact on the final IC 50 obtained. In the case of BHA, the dose-344 response tested was between 0 and 5 µM, and the range of the computed IC 50 between 0.5 and 2 345 µM. Additionally, to extend our concerns regarding the applications of this type of quantification 346 criteria, Figure 2D shows the dose-response of samples M1-M6 (concentration ranges in the 347 legend of Figure 2 ). Figure 2E performance and obtain quick results, they related the rate of the process (decrease oxidizable 364 substrate per unit time) of samples (in dose-response mode or not) and the dose-response of the 365 A of reference. However, as non-linear kinetic responses, this value varies with time, thus the 366 only useful rate value would be the maximum one, but the time at which the rate reaches its 367 maximum cannot be established a priori and varies for each compound and concentration. In 368 addition, the experimental effort necessary to calculate this value without much mistake allows, 369 as we shall demonstrate, to perform the analysis in more accurate and complete form than that 370 derived from the non-kinetic approaches. 371
372
Kinetic approaches with formal mathematical expressions (Q7-Q9) 373 
374
Even if, in general, the criteria that applies mathematical expressions to analyze the kinetic part 375 of the process produces much better results than those that abbreviates the response in a single-376 time value, there are specific problems with the type of expressions used. Next, we will discuss 377 the problems and advantages of the mathematical expressions described in the bibliography 378 when applied to the oxidation process. 379
380

Univariate approach 381 382
The detailed mechanistic description of lipid oxidation is complex and varies from one to the 383 other systems, which has led to the search for empirical general models, able to describe the 384 most common profiles. As in many biological systems, such as microbiology, toxicology, 385 pharmacology, immunology, population dynamics, etc, for wide diverse circumstances, it is 386 usual to describe the effect of a response (independent variable) as function of another variable 387 to adjust fractional-order kinetic profiles, but fails in the description of 397 first-order processes or sigmoid profiles. Figure 3 shows the fittings to the time-dose dependent 398 response of BHA and it can be observed that the adjustments are reasonably acceptable. 399
However, the parameters produced are not statistically significant (Table 2) , even when the BHA 400 is a particular case with profiles similar to those described for this type of function. it is preferable to consider that the oxidative response is null at zero time. As it can be seen in 413 Figure 4B shows the prediction effectiveness of the bivariate 484 approach. These results were robust and consistent, the residuals were randomly distributed and 485 autocorrelations were not observed. The prediction was slightly worse than when the univariate 486 approach with three parameters S-shaped equations with intercept were used (Figure 3 ), but the 487 joint solution provides a better understanding of the process. The parametric values of the 488 bivariate analysis to the dose-time BHA data are presented in Table 2 showing low confidence 489 intervals (α = 0.05) and higher correlation coefficients. 490
491
Once the same expression is applied to samples (M1-M6), the profile defined by the specific 492 action of the A, described by the parameters of equation [14] , provides a meaningful way to 493 compare their activities. As it can be seen in Figure 4C hypotheses provide similar estimates, the imprecision of the estimates is generally larger than the 511 differences between the approaches used, which is highly dependent on the quality of the dataset. 512
The second reason is related to the first one and comes from the fact that the actual definition of 513 the parameter λ is purely geometric. To illustrate the problems, in the second part of Figure to transform these values into other useful ones. In the following, we will describe a simple 531 process for the data under evaluation, which may possibly be valid for some type of A responses. 532
The area values response can be standardized in a diverse type of formats. One that can be 533 appropriate for our response is to rearrange them to the amount of molecules (µM) of βC 534 protected ( P ) during the time-frame of the assay, in the presence of a dose-response of an A, 535 using the following relation: 536
in which AU C and AU A are the area units corresponding to the kinetic profiles in the absence (C: 539 control) and presence of a concentration (A) of an A and t T is the total time of the assay (min). 540 541 Typically, the dose-response of the value P is plotted against the concentration of A. In 542 occasions, authors have shown a linear relation, but as discussed previously, such a behavior 543 only must be true in a short range of concentrations or perhaps only for specific assays. For the 544 case of BHA, the response found was non-linear, suggesting that some radical-generating 545 property of the system can be saturated 43 . 
where A is the concentration of the A agent under study in µM, P (A) is the response behavior of 550 the value P as a function of A, P m is the asymptotic value of the parameter obtained (µM of the 551 substrate protected) and r is the specific dose-rate (µM , but also makes it difficult to evaluate critical points that can 595 be standardized 3 . Indeed, the reality is that the conclusions found may be limited and not be 596 reproduced anywhere else. 597 598 Antioxidants act by several mechanisms, e.g. by donating hydrogen to radicals, reducing power, 599 free radical scavenging activity, metal chelating ability, inhibition of βC bleaching and 600 quenching singlet oxygen. The method used to measure and calculate the AC has a major impact 601 on the results because, in both in vivo and in vitro, the oxidation reactions are complex, in which 602 the dominant mechanism depends on many system conditions. Furthermore, we are using 603 oxidizing substrates, initiators, and other components and the activity is measured in different 604 environments, such as bulk oils, emulsions and multiphase, which may not represent the real 605 systems. Avoiding the use of the kinetic part of the reaction to evaluate the capacity of 606 antioxidants is incongruous. Today, the computer technology and the development of microplate 607 readers make it easier to obtain sufficient data in a time-dose format and there are a diverseamount of tools that allows to quantify properly the responses, such as criteria Q9 and Q11. 609
Consequently it does not seem reasonable to exclude these resources for routine assessments. In 610 our opinion, any criterion avoiding kinetic focus is a misleading simplification. We are aware 611 that criteria Q9 and Q11 are slightly elaborated than a single-time response, but it is also much 612 less deceiving. Not only it does produce characterizing values of practical interest with high 613 reproducibility, but also enables the inclusion, if necessary, of environmental variables that 614 modify the process as well as the inference of mechanistic details that can be verified by other 615 methods. 616
617
Perhaps by using Q9 and Q11 those solutions to describe the oxidation process, we are not 618 helping to translate the results, because they may be related with the response itself, but at least 619 we are able to: 1) describe with precision the kinetics detected in many different reactions with 620 antioxidants of very different nature; 2) obtain reproducible characterizing values of practical 621 interest; 3) incorporate consistently, if necessary, environment variables that modify the process; 622 and 4) infer mechanistic details that can be verified by other methods. 623
624
The reduction to study the dose-response at one single-time and expect to find linear forms (as 625 described by the non-kinetic approaches) frequently leads to unreliable results and 626 misinterpretations. The preference for apparently simple assays, routinely applied with minimal 627 calculation requirements, is not very justifiable today, given the availability of computational 628 applications and microplate readers, whose combination provides adequate tools to work with 629 data sets that allow accurate evaluations enabled by the non-linear modeling. We believe we 630 have provided evidences that demonstrates the inadequate evaluation and quantification of the 631 responses that focus on analyzing the results at a fixed time avoiding the kinetic perspective. 632
These results show the needs to apply a dose-time-dependent model to quantify the AC. 633
Otherwise the response will always be poorly described. We believe that those facts could be 634 extended generally to almost all oxidative response methods. 
